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The asymmetric unit of the title compound, C 13 H 11 N 3 O 2 S 2 , comprises two independent molecules (A and B); the crystal structure was determined by employing synchrotron radiation. The molecules exhibit essentially the same features with an almost planar benzothiazole ring (r.m.s. deviation = 0.026 and 0.009 Å for A and B, respectively), which forms an inclined dihedral angle with the phenyl ring [28.3 (3) and 29.1 (3)
, respectively]. A difference between the molecules is noted in a twist about the N-S bonds [the C-S-N-N torsion angles = À56.2 (5) and À68.8 (5)
, respectively], which leads to a minor difference in orientation of the phenyl rings. In the molecular packing, A and B are linked into a supramolecular dimer via pairwise hydrazinyl-N-HÁ Á ÁN(thiazolyl) hydrogen bonds. Hydrazinyl-N-HÁ Á ÁO(sulfonyl) hydrogen bonds between A molecules assemble the dimers into chains along the a-axis direction, while links between centrosymmetrically related B molecules, leading to eightmembered {Á Á ÁHNSO} 2 synthons, link the molecules along [001] . The result is an undulating supramolecular layer. Layers stack along the b-axis direction with benzothiazole-C-HÁ Á ÁO(sulfonyl) points of contact being evident. The analyses of the calculated Hirshfeld surfaces confirm the relevance of the above intermolecular interactions, but also serve to further differentiate the weaker intermolecular interactions formed by the independent molecules, such as -interactions. This is also highlighted in distinctive energy frameworks calculated for the individual molecules.
Chemical context
Benzothiazole derivatives have attracted attention over a long period of time because of their wide spectrum of biological activities and the benzothiazole framework remains today an important scaffold for the design and synthesis of active molecules (Gill et al., 2015; Reshma et al., 2017; Thakkar et al., 2017; Dar et al., 2016) . Among recent reports on benzothiazole derivatives are those on 2-arylidenehydrazinylbenzothiazoles, which include anti-tumour activities (Lindgren et al., 2014; Nogueira et al., 2010; Katava et al., 2017) and anti-tuberculosis activity against M. tuberculosis ATTC 27294 (Pinheiro et al., 2019) ; crystal structure determinations have also been included in each of these studies. Less work has been carried out on other 2-hydrazinylbenzothiazoles, such as the arenesulfonyl derivatives, 2-(2-Ar-sulfonylhydrazinyl)-1,3-benzothiazoles. Only a brief report has appeared on their anti- ISSN 2056-9890 microbial activities (Rao et al., 2004) and only very recently has a crystal structure determination of the species where Ar = 3-O 2 NC 6 H 4 has been described (Morscher et al., 2018) . Herein, as a continuation of the latter studies, the crystal and molecular structures of the title compound, (I), are described. The X-ray intensity data were collected on a small sample with synchrotron radiation and crystallography revealed the presence of two independent molecules in the asymmetric unit. In order to ascertain the individual contributions of these molecules to the molecular packing, an analysis of the calculated Hirshfeld surfaces was also conducted.
Structural commentary
Two independent molecules comprise the asymmetric unit of (I) and their molecular structures are shown in Fig. 1 . In the S1-containing molecule, the r.m.s. deviation of the nine atoms forming the benzothiazole ring is 0.026 Å with maximum deviations out of the plane being 0.038 (8) Å for the C4 atom and 0.029 (6) Å for C2. The equivalent values for the S3-molecule are 0.009 Å with deviations of 0.010 (6) Å for the C16 atom and 0.013 (7) Å for C15. The dihedral angle between the benzothiazole and phenyl rings is 28.3 (3) and 29.1 (3) for the S1-and S3-molecules, respectively, indicating very similar overall conformations for the molecules. This is reflected in the small r.m.s. bond and angle fits of 0.0196 Å and 1.126
, respectively (Spek, 2009 ). However, as seen from Fig. 2 , the twist in the molecules about the N-S bonds differs, as seen in the disparity of about 12 in the C8-S2-N3-N2 [À56. 2 (5) ] and C21-S4-N6-N5 [À68.8 (5) ] torsion angles. This leads to a lateral mismatch in the phenyl groups.
Supramolecular features
The molecular packing of (I) features hydrazinyl-N-HÁ Á ÁN(thiazolyl) and hydrazinyl-N-HÁ Á ÁO(sulfonyl) conventional hydrogen bonds, Table 1 . The hydrazinyl-N-HÁ Á ÁN(thiazolyl) hydrogen bonds serve to link the two molecules comprising the asymmetric unit into a dimeric aggregate via an eight-membered {Á Á ÁHNCN} 2 synthon, Fig. 3(a) . Each of the remaining hydrazinyl-N-H atoms forms a hydrogen bond to a sulfonyl-O atom derived from a symmetry-related molecule. The hydrazinyl-N-HÁ Á ÁO(sulfonyl) hydrogen bonds involving S1-molecules give rise to C(4), {Á Á ÁHNSO} n , supramolecular chains along the aaxis direction. By contrast, those involving the S3-molecules occur between centrosymmetrically related molecules and lead to an eight-membered {Á Á ÁHNSO} 2 synthon. The latter serve to link molecules along the c-axis direction so that a supramolecular layer, with an undulating topology, in the ac plane results, Fig. 3(b) . The distinctive modes of the hydrazinyl-N-HÁ Á ÁO(sulfonyl) hydrogen bonds just outlined provide a clear differentiation between the molecules. The most obvious points of contact to link layers along the b-axis direction are of the type benzothiazole-C-HÁ Á ÁO(sulfonyl), Table 1 and Fig. 3(c) .
Hirshfeld surface analysis
The Hirshfeld surfaces calculated for (I) were performed following procedures outlined recently (Tan et al., 2019) and provide additional information on the distinctive contributions made to the molecular packing by the independent molecules. The molecular structures of the two independent molecules of (I), showing the atom-labelling scheme and displacement ellipsoids at the 25% probability level. Table 1 Hydrogen-bond geometry (Å , ). On the Hirshfeld surfaces mapped over d norm for the S1-containing molecule, Fig. 4 Table 1 , are evident as broad and bright-red spots near the participating atoms. The presence of intermolecular N-HÁ Á ÁO hydrogen bonds involving the hydrazinyl-N3, N6 and sulfonyl-O1, O4 atoms are also viewed as broad and bright-red spots near the respective atoms in the images of Fig. 4 . In addition, the weak C-HÁ Á ÁO contacts are characterized by the diminutive red spots near the benzothiazolyl-H4 and sulfonyl-O2 atoms, Fig. 4(b) , and the faint-red spots near the benzene-H11, benzothiazolyl-H19 and sulfonyl-O2,O4 atoms in Fig. 4(a)-(c) . The presence of a short interatomic CÁ Á ÁC contact involving atoms C20 and C23 of the S3-molecule, Table 2 , describing -stacking interactions between symmetry-related S1-thiazole and benzene (C21-C26) rings is evident as the faint-red spots near these atoms in Fig. 4(c),(d) .
The donors and acceptors of the N-HÁ Á ÁN and N-HÁ Á ÁO hydrogen bonds are also viewed as the intense-blue and -red regions corresponding to positive and negative electrostatic potentials on the Hirshfeld surfaces mapped over the calcu- 
3.315 (10) À1 + x, y, z lated electrostatic potentials for the S1-and S3-molecules in the images of Fig. 5 . An additional distinction in the molecular environments about the crystallographically independent molecules, over and above the hydrazinyl-N-HÁ Á ÁO(sulfonyl) hydrogen bonds discussed above, is apparent in terms of their participation in -interactions, Table 3 . Thus, the benzene and benzothiazole rings of the S3-molecule participate in such contacts in contrast to the involvement of only the benzene ring of the S1-molecule, as illustrated in Fig. 6 (a). The influence of the short interatomic HÁ Á ÁH contact between benzene-H10 (S1-molecule) and benzothiazolyl-H16 (S3-molecule) atoms is also illustrated in Fig. 6 (b) through the red dashed lines superimposed on Hirshfeld surface mapped over the electrostatic potential.
The overall two-dimensional fingerprint plot for the individual S1-and S3-molecules, and entire (I) are shown in Table 3 Summary of -contacts (Å ) in (I).
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Figure 6
Views of Hirshfeld surfaces mapped over the electrostatic potential highlighting (a) -stacking between the molecules comprising the asymmetric unit (through black dotted lines) and between symmetryrelated molecules (yellow) and short interatomic CÁ Á ÁC contacts (red) and (b) short interatomic HÁ Á ÁH contacts through red dashed lines. Table 4 . Although the overall fingerprint plots for the S1-and S3-molecules in Fig. 7 (a) are only slightly different, their delineated fingerprint plots in Fig. 7 (b)-(g) clearly indicate their distinct modes of supramolecular association in the crystal. The fingerprint plots delineated into HÁ Á ÁH contacts for the S1-and S3-molecules in Fig. 7(b) represent the complementary pair of knife-edge tips at d e + d i $2.2 Å which merge to form the conical tip in the respective plot for overall (I). The pair of spikes at d e + d i $2.0 Å in the fingerprint plot delineated into OÁ Á ÁH/HÁ Á ÁO contacts for both independent molecules in Fig. 7(c) , with nearly the same percentage contributions to the Hirshfeld surfaces (Table 4) , arises owing to the involvement of the atoms of the respective molecules in the intermolecular N-HÁ Á ÁO hydrogen bonds which finally superimpose in the plot for overall (I). In the fingerprint plot delineated into NÁ Á ÁH/HÁ Á ÁN contacts in Fig. 7(f) , the pair of spikes at d e + d i $1.8 Å and 1.9 Å for the S1-and S3-molecules, respectively, represent the presence of the N-HÁ Á ÁN hydrogen bonds between them, to form the dimeric aggregate shown in Fig. 2(a) . These features of the fingerprint plots disappear in the corresponding plot for overall (I) correlating with the decreased the percentage contribution from these contacts to the overall Hirshfeld surface (Table 4) .
The presence of the short interatomic CÁ Á ÁH contact between the atoms of S1-molecules result in the pair of peaks at d e + d i $2.8 Å in the fingerprint plot delineated into CÁ Á ÁH/ HÁ Á ÁC contacts in Fig. 7 (e) for the S1-molecule and for overall (I). The fingerprint plots delineated into SÁ Á ÁH/HÁ Á ÁS contacts in the three images of Fig. 7(d) indicate the interatomic separations are greater than the sum of the van der Waals radii suggesting their limited influence on the molecular packing. The distinct, arrow-shaped distribution of points with different percentage contributions due to CÁ Á ÁC contacts illustrated in Fig. 7(g) are due from the different -contacts made by the S1-and S3-molecules. The small contributions from the other interatomic contacts have negligible effects upon the molecular packing.
Computational chemistry
The pairwise interaction energies between the molecules in the crystal are calculated by summing up four energy components, comprising electrostatic (E ele ), polarization (E pol ), dispersion (E dis ) and exchange-repulsion (E rep ) (Turner et al., 2017) . The energies were obtained by using the wave function calculated at the B3LYP/6-31G(d,p) level of theory for each independent molecule. The individual energy components as well as total interaction energies relative to the respective reference molecule within the molecular cluster are illustrated in Fig. 8 .
The strength and the nature of the intermolecular interactions in terms of their energies are quantitatively summarized in Table 5 . The results reveal electrostatic interactions to be significant in the N-HÁ Á ÁN hydrogen bonds which link the two independent molecules in the crystal via the {Á Á ÁHNCN} 2 synthon. In the N-HÁ Á ÁO hydrogen bond involving the S1-molecule, the electrostatic as well as dispersive components are dominant in contrast to a major contribution from only the electrostatic energy for the analogous hydrogen bond formed by the S3-molecule. This result is correlated with the latter hydrogen bonding linking S3-molecules via a {Á Á ÁHNSO} 2 synthon as opposed to the chain sustained by the former. The weak intermolecular C-HÁ Á ÁO interactions in the crystal have major contributions from dispersion energy components. It is also evident from the comparison of the total energies of the intermolecular interactions in Table 5 that the N-HÁ Á ÁN hydrogen bonds between the molecules comprising the asymmetric unit are stronger than the N-HÁ Á ÁO hydrogen bonds, and that the C-HÁ Á ÁO contacts are significantly weaker than these.
The magnitudes of the intermolecular energies are represented graphically in the energy frameworks in Fig. 9 Table 5 Interaction energies (kJ mol À1 ) for selected close contacts in (I). the supramolecular architecture of the crystal is viewed through cylinders joining centroids of molecular pairs using red, green and blue colour codes for the energy components E ele , E disp and E tot , respectively. The radius of the cylinder is proportional to the magnitude of the interaction energy which have been adjusted to the same scale factor within 2 Â 2 Â 2 unit cells. The illustrated energy frameworks constructed for clusters of both the independent molecules also indicate their participation in distinct modes of supramolecular association.
Database survey
As indicated in the Chemical context, the structure determination of (I) is only the second such analysis for 2-(2-Ar-sulfonylhydrazinyl)-1,3-benzothiazole molecules, the first being the example where Ar = 3-O 2 NC 6 H 4 (Morscher et al., 2018); in (I), Ar = C 6 H 5 . In the literature precedent, there are also two independent, but conformationally similar molecules in the asymmetric unit and these, too, are linked into supramolecular dimers via hydrazinyl-N-HÁ Á ÁN(thiazolyl) hydrogen bonds. As reported for the literature structure, the atoms equivalent to N2 and N5 in (I) have significant sp 2 character based on the sums of the angles about these atoms. This is also true in (I) where the angles sum to 360.2 and 359.2 , respectively. The same considerations led the authors to conclude that the N3 and N6 atoms have some sp 3 character. Substantiating this conclusion, in (I) the sum of the angles amount to 344.0 and 346.4 , respectively. Finally, the C1-N2 and C14-N5 bond lengths of 1.334 (7) and 1.365 (8) Å , respectively, are indicative of some double-bond character, an observation again consistent with the literature precedent. The colour-coded interaction mapping for the clusters within 3.8 Å of the (a) S1-molecule and (b) S3-molecule.
Synthesis and crystallization
The melting point was determined on a Griffin melting point apparatus and is uncorrected. Infrared spectra, as neat powders, were recorded using a Perkin Elmer UATR two instrument, with an ATR Diamond Cell NMR spectra were recorded on a Bruker Avance 400 spectrometer in DMSO-d 6 solution at room temperature. Accurate mass measurements were determined using a Water Mass Spectrometer Model Xevo G2 QT instrument.
Preparation: A solution of 2-hydrazinyl-1,3-benzothiazole (1.66 g, 1 mmol) and benzenesulfonyl chloride (1.77 g, 1 mmol) in EtOAc (20 ml) was refluxed for 1 h. The reaction mixture was washed with water, the organic layer was collected, dried over magnesium sulfate and rotary evaporated. The residue was recrystallized from an ethanol solution. Yield 82%. The sample used in the structure determination was obtained by slow evaporation of an ethanol solution at room temperature after two days; m.p. 643-465 K. IR (cm À1 ): 3202, 3100-2600 (br), 1615, 1583, 1466, 1448, 1325, 1274 1161, 1087, 888, 746, 637 91, 122.22, 125.96, 126.34, 128.24, 128.85, 129.67, 133.81, 138.67, 171.78 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 6 . The carbon-bound H atoms were placed in calculated positions (C-H = 0.95 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set to 1.2-1.5U eq (C). The N-bound H atoms were refined with a distance restraint of 0.88AE0.01 Å , and with U iso (H) = 1.2U eq (N). Owing to poor agreement, two reflections, i.e. (1 5 11) and (1 7 15), were omitted from the final cycles of refinement.
522 Baddeley et al. A comparison of the energy frameworks composed of (a) electrostatic potential force, (b) dispersion force and (c) total energy for for the S1-molecule and and (d)-(f) comparable frameworks for the S3-molecule. The energy frameworks were adjusted to the same scale factor of 50 with a cut-off value of 5 kJ mol À1 within 2 Â 2 Â 2 unit cells. Windows (Farrugia, 2012) , Q-Mol Gans & Shalloway (2001) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
N′-(1,3-Benzothiazol-2-yl)benzenesulfonohydrazide
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The sample was small and data were measured on the DLS beamline I19 with synchrotron radiation. The crystal dimensions were not recorded and assumed to be 0.01 x 0.01 x 0.01 mm 3 . Data were truncated at θ = 25.0 so data completeness was > 99%. The value of R int is high but, the ordered structure has been determined unambiguously. The GoF is poor but, this probably reflects the limited data available for the sample investigated. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

